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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of detecting a 
beam row, by which the result of detection can be determined 
instantaneously and the intervals of beam spots can be 
specified accurately. 

SOLUTION: A multi-beam drawing device has a light source 1, a 
beam expander 2, a diffraction branch element 3, a convergent 
lens 4, a relay optical system 5, a multi-channel modulator 6, a 
collimator lens 7, a polygon mirror 8, an f0 lens 9 and a drawing 
surface 10. When the beam row is detected, a phase filter 20 
dividing the cross section of luminous flux L into four fan- 
shaped areas and imparting the optical path difference of a half 
wave between the adjacent areas is arranged between the beam 
expander 2 and the diffraction branch element 3. When the 
phase filter 20 is arranged in an optical path, luminous fluxes 
mutually cancel and the intensity reaches zero in sections 
corresponding to the boundary sections of the areas, and 
cross-shaped dark lines are formed because optical path 
difference having a similar figure to the areas of the phase filter 
20 is generated even in the beam spot on the drawing surface 
10. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by tne use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Branch to plurality by the optical branching component, and the flux of light emitted from the 
light source is drawn on a drawing surface. It is the beam train detection approach in the multi-beam 
drawing equipment which forms two or more beam spots and forms a pattern on said drawing surface by 
making this beam spot scan relatively to said drawing surface. The phase filter which gives the optical path 
difference of the half-wave length between the area which divides the cross section of said flux of light into 
two or more area, and adjoins between said light source and said optical branching component is arranged. 
The beam train detection approach characterized by detecting relative spacing of two or more of said beam 
spots on the basis of the dark line formed of the phase gap produced in said beam spot by arranging said 
phase filter. 

[Claim 2] Said phase filter is the beam train detection approach according to claim 1 characterized by 
forming the dark line of a cross-joint form in said beam spot by quadrisecting the cross section of said flux 
of light into sector area, and giving the optical path difference of the half-wave length between adjoining 
area. 

[Claim 3] Said phase filter is the beam train detection approach according to claim 1 characterized by 
forming a ring-like dark line in said beam spot by dividing the cross section of said flux of light into two 
area of the circular area and the ring-like area of a perimeter of a core, and giving the optical path difference 
of the half-wave length among such area. 

[Claim 4] The phase filter for beam train detection characterized by dividing into two or more area the cross 
section of the flux of light which carries out incidence, and giving the optical path difference of the half- 
wave length between adjoining area. 

[Claim 5] The phase filter for beam train detection according to claim 4 characterized by having four area 
divided by the cross line which intersects perpendicularly, and giving the optical path difference of the half- 
wave length between adjoining area. 

[Claim 6] The phase filter for beam train detection according to claim 4 characterized by having two area 
divided by the ring-like line, and giving the optical path difference of the half-wave length among such area. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the beam train detection approach in multi-beam drawing 

equipment, and the phase filter used for this detection. 

[0002] 

[Description of the Prior Art] Multi-beam drawing equipment branches to plurality by the optical branching 
component, draws the flux of light emitted from the light source on a drawing surface, forms two or more 
beam spots, and forms a pattern on a drawing surface by making these beam spots scan relatively to a 
drawing surface. In this kind of multi-beam drawing equipment, in order to make spacing of the scanning 
line equal, two or more beam spots are on a drawing surface, and need to arrange at equal intervals. 
[0003] Although the optical system of multi-beam drawing equipment is designed so that the beam spot may 
arrange at equal intervals, variation may produce it at spacing of the beam spot in fact according to 
aberration, a mechanical assembly error of an optical element, etc. which optical system has. In order for the 
variation in beam-spot spacing to turn into variation in spacing of the scanning line and to degrade drawing 
quality, it needs to detect spacing of the beam spot, and it needs to adjust it so that these may serve as 
regular intervals. 

[0004] The approach of arranging optoelectric transducers, such as a method of detecting spacing of the 
scanning line from the former based on an actual drawing result or CCD, in the location of a drawing 
surface, and carrying out direct detection of the location of the beam spot etc. is enforced. 
[0005] 

[Problem(s) to be Solved by the Invention] However, by the detection approach based on an actual drawing 
result, the result of adjustment cannot be known immediately but there is a problem that adjustment takes 
time and effort. Moreover, by the approach using an optoelectric transducer, there is a problem that it is 
difficult to specify the core of the beam spot based on the gently- sloping intensity distribution of the 
detected beam spot, and it difficult to detect spacing of the beam spot correctly. In addition, although 
specifying the center of gravity of the intensity distribution of the beam spot as a core of the beam spot is 
also considered by detection using an optoelectric transducer, exact adjustment may not be able to be 
performed, if turbulence of a proper may be included in intensity distribution for every beam spot and it 
centers uniform on a center of gravity. 

[0006] This invention aims at offering the beam train detection approach and the phase filter for detection 
which can be made in view of the trouble of the conventional technique mentioned above, and can know a 
detection result immediately, and can detect spacing of the beam spot correctly. 
[0007] 

[Means for Solving the Problem] In order for the beam train detection approach concerning this invention to 
make the above-mentioned purpose attain, The phase filter which gives the optical path difference of the 
half- wave length between the area which divides the cross section of the flux of light into two or more area, 
and adjoins between the light source of multi-beam drawing equipment and an optical branching component 
is arranged. It is characterized by detecting relative spacing of two or more beam spots on the basis of the 
dark line formed of the phase gap produced in the beam spot on a drawing surface by arranging this phase 
filter. 

[0008] Since a dark line is formed in the bright beam spot on a drawing surface by arranging a phase filter 
according to the above-mentioned approach, this dark line serves as a high index of contrast. Therefore, if an 
optoelectric transducer is arranged to a drawing surface and the beam spot is detected, the location of the 
beam spot is correctly detectable on the basis of a dark line. Moreover, since the phase filter is arranged in 
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this side where the flux of light branches, even if it can form a dark line in two or more beam spots with a 
single phase filter and a phase filter carries out eccentricity to the flux of light, since a gap of the dark line 
by eccentricity appears equally to all the beam spots, it does not become the hindrance at the time of 
detecting the relative position of the beam spot. 

[0009] A phase filter quadrisects the cross section of the flux of light into sector area, and gives the optical 
path difference of the half- wave length between adjoining area. In this case, the dark line of a cross-joint 
form is formed in the beam spot. Or a phase filter divides the cross section of the flux of light into two area 
of the circular area and the ring-like area of a perimeter of a core, and gives the optical path difference of the 
half-wave length among such area. In this case, a ring-like dark line is formed in the beam spot. 
[0010] 

[Embodiment of the Invention] Hereafter, the operation gestalt of the beam train detection approach 
concerning this invention is explained. The schematic diagram in which drawing 1 (A) shows the optical 
system of the multi-beam drawing equipment with which the approach of an operation gestalt is applied, and 
drawing 1 (B) are the top views of the phase filter used at the time of beam-spot location detection of the 
optical system of drawing 1 (A). First, the configuration of multi-beam drawing equipment is explained 
based on drawing 1 (A). 

[001 1] Sequentially from the left-hand side in drawing 1 (A), the light source 1, a beam expander 2, the 
diffraction branching component 3, a convergent lens 4, the relay optical system 5, the multichannel 
modulator 6, a collimate lens 7, the polygon mirror 8, the ftheta lens 9, and a drawing surface 10 arrange 
multi-beam drawing equipment, and it is constituted. 

[0012] The light sources 1 are the laser light sources, such as an argon laser, and, as for the flux of light 
emitted from this light source 1, the diameter of the flux of light is adjusted by the beam expander 2. The 
diffraction branching component 3 is made to inject at an include angle which branch in a book and is 
different, respectively by making the parallel flux of light from a beam expander 2 diffract. [ two or more ] 
[0013] Incidence of two or more parallel flux of lights which branched by the diffraction branching 
component 3 is carried out to the multichannel modulators 6, such as AOM (acoustooptics modulation 
element), through the relay optical system 5 which contains 1st group 5a and 2nd group 5b, being used as 
convergence light with a convergent lens 4. Two or more flux of lights drawn from the relay optical system 
5 are modulated independently by the multichannel modulation element 6, respectively. Incidence of two or 
more modulated flux of lights is carried out to the polygon mirror 8 through a collimate lens 7, and they are 
followed on rotation of this polygon mirror, and are reflected and deflected. Two or more deflected flux of 
lights form two or more beam spots scanned to a main scanning direction on a drawing surface 1 0 throueh 
the ftheta lens 9. 

[0014] As a broken line shows at drawing 1 (A) between the light source 1 and the diffraction branching 
components 3 and in this example at the time of detection of a beam train, the phase filter 20 is arranged 
between a beam expander 2 and the diffraction branching component 3. The phase filter 20 is a component 
which divides the cross section of the flux of light L into four sector area in two or more area and this 
example, and gives the optical path difference of the half-wave length between adjoining area, as shown in 
drawing 1 (B). That is, the phase filter 20 is a disc-like component, and the front face is divided into the area 
21, 22, 23, and 24 of four sectors. Two area 21 and 23 shown with a slash all over drawing is constituted so 
that the optical path difference of the half-wave length may be given to other area 22 and 24. 
[0015] Drawing 2 is the explanatory view showing an example of the manufacture approach of the above- 
mentioned phase filter 20. Disc-like transparent glass substrate 20a is prepared ( dr awing 2 (A)), and the 
film which gives the optical path difference of the half-wave length is formed in the field which' covers the 
one half bordering on the diameter, and is shown with the slash in drawing 2 (B) by coating. Next, a wrap 
field is rotated 90 degrees and the film which gives the optical path difference of the half-wave length 
similarly is formed by coating ( drawing 2 (C)). The area 22 and 24 in which the film of one layer was 
formed by this to the area 21 in which the film is not formed gives the optical path difference of the half- 
wave length, and, as for the area 23 in which the two-layer film was formed, gives one wave of optical path 
difference. Since one wave of optical path difference is equivalent to there being no optical path difference, 
as for area 22 and 24, area 21 and 23 will give the optical path difference (phase contrast) of the half- wave' 
length to in phase and this. 

[0016] If the phase filter 20 is arranged in an optical path, since the phase contrast of the half-wave length 
will arise between the flux of lights which penetrated the area where the phase filter adjoined, the area of the 
phase filter 20 and the phase contrast of an analog arise also in the beam spot on a drawing surface 10, and, 
thereby, a phase gap arises between area. With the phase gap in such the beam spot, in the part equivalent to 
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the boundary part of area, the light from which the phase shifted negates each other, and reinforcement 
becomes zero. Therefore, the dark line of a cross-joint form is formed in the beam spot. 
[0017] Drawing 3 is a graph which shows the intensity distribution of the beam spot on the drawing surface 
10 in the case of having arranged the phase filter 20. As shown in this graph, including four peaks, the 
boundary part between these peaks serves as a strong valley, and the beam spot forms a dark line. 
[0018] Since two or more beam spots are formed on a drawing surface 10 in fact, when the phase filter 20 
has been arranged, as shown in drawing 4 , two or more formation of the beam spot SI containing the dark 
line of a cross-joint form is carried out. These beam spots SI are scanned along with the scanning line 
shown with a broken line. In order to keep drawing precision high, it is necessary to maintain the spacing 
Wl and W2 of these scanning lines at a specific value. In addition, in drawing 4 , the bright part of the beam 
spot SI is illustrated as a sector field. Although shown as a null, since it becomes the brightness same in fact 
as the field besides the beam spot, the part between the fields of these sectors is observed as a dark line in 
the bright beam spot SI . If an optoelectric transducer is arranged to a drawing surface 1 0 and the location of 
the beam spot is detected on the basis of the dark line of these cross-joint forms, the location of each beam 
spot can be detected correctly, therefore relative spacing of two or more beam spots can be detected with a 
sufficient precision. 

[0019] In addition, since the phase filter 20 is arranged at the light source side from the diffraction 
branching component 3 which branches the flux of light, it can form a dark line in two or more beam spots 
with the single phase filter 20. Moreover, when the phase filter 20 carries out eccentricity to the flux of light, 
as shown in drawing 5 , the dark line of a cross-joint form carries out the same amount displacement in the 
same direction about all the beam spots S2. Therefore, the eccentricity of a phase filter does not become the 
hindrance at the time of detecting the relative position of the beam spot S. 

[0020] Drawing 6 is the top view showing the phase filter 30 concerning other operation gestalten. This 
phase filter 30 divides the cross section of the flux of light L into two area of the circular area and the ring- 
like area of a perimeter of a core in two or more area and this example, and gives the optical path difference 
of the half-wave length between adjoining area. That is, the phase filter 30 is a disc-like component, and the 
front face is divided into the circular area 31 of a core, and the area 32 of the shape of a ring of the 
perimeter. 

[0021] The phase filter 30 is arranged between a beam expander 2 and the diffraction branching component 
3 like the operation gestalt shown in drawing 1 (A) at the time of detection of a beam train. If the phase filter 
30 is arranged in an optical path, since the phase contrast of the half- wave length will arise between the flux 
of lights which penetrated two area of the phase filter 30, the area of the phase filter 30 and the phase 
contrast of an analog arise also in the beam spot on a drawing surface 10, and, thereby, a phase gap arises 
between area. With the phase gap in such the beam spot, in the part equivalent to the boundary part of area, 
the flux of light negates each other and reinforcement becomes zero. Therefore, a circular dark line is 
formed in the beam spot. 

[0022] Drawing 7 is a graph which shows the intensity distribution of the beam spot on the drawing surface 
10 in the case of having arranged the phase filter 30. Here, in order to clarify strong distribution, one fourth 
of fields are cut and shown. As shown in this graph, while the beam spot has a single peak at the core, on the 
outskirts, it has a ring-like peak, and the boundary part between these peaks serves as a strong valley, and 
forms a dark line. 

[0023] Since two or more beam spots are formed on a drawing surface 10 in fact, when the phase filter 30 
has been arranged, as shown in drawing 8 , two or more formation of the beam spot S3 containing a circular 
dark line is carried out. Since the strong fall of the periphery of the beam spot is gently-sloping, a boundary 
is indefinite, but since it is formed into the bright beam spot, the dark line by the phase gap has high 
contrast, and it can identify it clearly. If an optoelectric transducer is arranged to a drawing surface 10 and 
the location of the beam spot is detected on the basis of these circular dark lines, the location of each beam 
spot can be detected correctly, therefore relative spacing of two or more beam spots can be detected with a 
sufficient precision. 
[0024] 

[Effect of the Invention] Since a dark line can be formed in each beam spot on a drawing surface by 
arranging a phase filter in the optical path of multi-beam drawing equipment according to this invention as 
explained above, the location of the beam spot can be correctly pinpointed by the detection approach using 
an optoelectric transducer by being based on this dark line. Therefore, a detection result can be known 
immediately, and spacing of the beam spot can be specified correctly, and adjustment based on a detection 
result etc. can be performed correctly quickly. 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 3/2 1/2006 



JP,2002-075816,A [DETAILED DESCRIPTION] Page 4 of 4 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgiejje 3/2 1/2006 



JP,2002-075816,A [DRAWINGS] 



Page 1 of 3 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 



[Drawing 1] 

(A) 




[Drawing 2] 

(A) 




24 

[Drawing 3] 
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[Drawing 7] 
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?r/Mr#ij3>5 ^-8(cAttU. t©*'Jn>$-7 

frKjtg-r £«&©£- AX* », h^JBfiS-J-S. 
[0014] tr-A?iJ©l^UlB#«:«, Tfej® 1 i05t^iK 

<t©pa. c©#ur«0 1 wicmmxmrj: 5 

tC. t*-AX^^^->^-2i[EltFf^|I^T-3<t©ra 

(c. (ifi? ^ ;u£- 2 o*siegsn-&. -< 

2 0B, @l(B)(CSfJ;5K. 7£3?L©i£rffi£«£$!© 
ftfr^. m%7 4)b>?-2 0li. PJ16tK©f ^"C* "5 . 50 
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mffitfA 0©HJFJ©x >; T 2 1 , 2 2. 2 3, 2 4&C# 

1. 2 3B. ffi(Dx'JT2 2, 2 4 (C*f LT^fi©:*; 
[00 15JH2tt. ±!2©{4ffi7 ^ ;U*-2 0 ©Sg£ 

^©— wtm-rtMHia-c**. n««©aw«c^5^ 

S«2 0a«rJBSLcEI2CA)). *©i£g£ii£-r 

SR«*9 0aa5i<g3^. R*«:i|£jftfi<WtK«*#AS 
m& =!-■?■ 4 ~s if IC J: QBl&tZ (02(C)). cntct 

0. Jg#Jgt£i*ftftl,»x'J7 2 ncitL/T. lJg©JR*i 
ff^fiS $ titcx. <J T 2 2 . 2 4 (i¥j&B©:)£8&M*-$;i . 
2 B©M# s Jf5Jj£ $nfcx'J72 3ttl ifcg©:)£S§g£-if 
^.5. l«^#K£tt#*^tffcl»©i«C*4fc 
to. x y T 2 1 , 2 3*^{4tl, cntc*fLtxi;T2 

2. 2 4tt^£©#HS&(fittB£)*JM.4C£ift 
i. 

[0016] ffiffl^ ^;U*-2 0S:*g5«tJtcEB-r4 

1, <itB? -f ^^-©B^LfcxyytSjao/c^ra 
tett¥i&g©{ifflM#£i; JSiBffli0±©t- 
ax#* hrt«:fc{4t|7 .< ;U£-2 0©x OTttmm 

(Dmm&£.c, c o x y T$ucm$ d f+ ? 

£0-5. c©«*5ftfcr-A*sj<y H*j©ffitB=F+ v^te: 
«t0. xyr©^WSP^cctaaTSSl5»TWfitB©m 

f-AX^* h tcii, +^©Bfi^3&s^fiS3ti-5. 

[OO17J03B, tit|:7-<Jl>*-2 0£|3Hl/fctI 
£©JSBjffil 0±TOt-^^? h ©5MS$HI>*7jVr 
^•7-7-Cfea o CW^^^CCTnSn^cfc^tC. t'-AX 
<-}<y h«4 0©f-5'^g* > Ch^Of-i'OrW 
IMBfl-UKSKOSM £ ft rBS«ftJ5fiW4. 

[00 18] URgtcfeHgBiBl 0±tC«»t-A^ 

tcm-Sicte* 04tc^rJ;5fc. +?j&©Bg^*^tft 
-AX*-, hS3*HB»JBfiS3h4. cne.©tr-A^ 

PgWx W2€r^©<!ltC«o£>g*S*a 0 ft*j v §4T 
B. tr- A X * h S 1©HJ i ^SP^?r^©$I^ i L/ 

etur^sn-ci,^^ HKCciit*-AXri<-7 hn© 
fl^ilalDWSd ift-S/ci*. i5t,>t-A^!|<» h S 

arttcfcw^Bgi^,?: urti^$n-5 0 Siiffi i o icjtm 

[0019] fttj. mSV <)\s$-2 Ott. 3tS*»iK 



5 

». ©{4+17 -i >\,%-z 0£J:<5ffi8!©b--AXtf 

^©Bt^*5|^-^«:[^-S^{4t-s„ Otcifi^X. {4 
+17 < )\s$-<Dm>t-\*. b-AXtf-;, hSffltMl?; 

^-ao^t^iatSiS. t©{4+!7 ^ )i-n-3 o 

B. 3£^L©Kffi ! H*&©xy7 t C©0!|-CBc£<l>SB© 

Rjfcx y r £-€-©JlB© y > i^ttx y r 4 © 2 o<z>.x y 
retain u gfjg-rsxyrra«:¥jSS©^Kii4#A 
S„ -T^tto-b. {4+17 < n>*-3 ob. R®«©^r 
fcO. *®#ifJ<i>SI$©RJf5©x y T 3 li, ^-©^H© 

y>s*tK©xy 73 2 ttc^fdsnrt,^. 
[ o o 2 l ] {4+17 j ;u*-3 o b. tr-A?ij©^ttiB^ 
HI CA)tc^LfcS6Sfe}BSg<b|sI«tct-Aid7^^ 
>#-2 i[5IW^mT-3 ^©laiKiEg^ns. {4+1^ 
-r ;l^-3 0*^:Sg*tcI2g-r6<h. {4+B 7 ^ >V £ - 3 
0 © 2 -3©x y T £ j§j§ U/c3K^ra«c B¥i&g©{4+1M 
A*£0-*>fc*, fiallMl 0_h©b-AX#-;, h tc 4> 
+17 -<;l>*-3 0©xy7£+lMfti©{4+lMA«£G. C 

htc <fc ij x y r PeBtcti+l*' + s> t**^ o 4 . c ©«fc 5 & 
tr- a x # » h facomsJ? + 7"ic<fc >], i'J t ©^ 

nfc&S. CfcjWoT. b-AX#s> hCCB, RJ£©B§ 

[OO22J07B, {4+17 -fjU£- 3 0£M5g U/ct§ 
^©ffiSHESl OiT©t-AX*v l-©S£g^fti3:^T 
CC-Cfi, ^S©^flJ*^fitK:rS?cfe 

(C;n3ft3 «fc5tC, b*-AX:j<«.) hBcp'frCC^i— ©t'- 

c n 6© f - ©H©^e#?S|5#b ?SS©SP^ <t -3 r Bf 

[0023] mmiazmmwi o_BcB^&©b-Ax 

X-j h^MSnSfcft, {4+17 ^;U^— 3 0£iegO 
fcH^tCB. 0 8{C7rT«fc^K: > RffJ©Hfi®?:gOb'- 
AX*-y h S3#ffi@y&££*i&. h©^ 
22SI5B. ®K©(5T*ift^6*>-C*S)t». Jgfji^iE 
Mr***, {4+l¥ + »7*{Cj:5l§iaB, «4l,^-A 
x^y KDtptcjfmzti&tcib. =3> h^x h*5jg< , 
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-?£S2gU cn6©RJ^©Sg^i|rSji^L/-Ctr-AX 
h©{4g*t^m-r5i, §t-AXi|<? h©{4g£ 

h©+l*fraPl^ffiS<J:<^fcb^-€>C4*5-c#S. 
[00 2 4] 

v;l/^tr-ASiS^g©7lcKctiK:{41f 7 -r frf-zmm. 
tSCitcif). ^SfflBiO^t'-AX^^ hrttcBfilSl 

io <hcc<fc0, *fleBft3RT-Srffll»tetaa-^ffiKJ:D. b- 
AX*-, h©{4g£iEfgtc!|t5£TSC t*STS4. L/c 

©f-AX*: ^ h{4g|£Wl§K:{£/83n£{4tB7 -f JU* 
20 [132] 131 CB)©{4+|7 ^;U*-©HJt^j£©— « 

im3) a 1 CB)©{4+17 £|ggi^cJg^© 
JSHH±-C©b*--AX-+:-> FOMM^-ry??. 
[04] m CB)©{4+17 * ;U*-£ffigLfct§£© 

?mH]®_h~C © b' — A X » h ©E^J©ffi©W*^-rttt?9 

Bo 

30 [16] H 1 ©^©t-AX^j h{4g^tBB#CC 

^3n^{4f§7 -y ^^-©{fe©m^-r¥ffiBo 

[07] 06©(4+B7 ^ JV2-&&&Otc®&(Dl8iW 
ffi±-C©b*-AX^y F©MM%^ty77„ 

[08] 06©{4+l7 ^ &5-%:&m.Ltcm-&<Dffim 
M±r©b-AXrJ<> h©|ffi?IJ©— ^i&Tn-TSiWB. 

[^©SiW3 

1 yem 

2 e-Ax>^<>y- 

3 ®$Tfti$m? 
40 6 v;u^^r 

8 ii<y=f>5^- 

9 feu>x 

1 0 fiSBiiB 

2 0. 3 0 {4+17 -< JU£-3 0 
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